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Experimental Procedure , measured for C 6 D 6 solutions (*). In case of the CH 3 groups belonging to the iPr residues only two representatives are labelled. , measured for C 6 D 6 solutions (*). In case of the CH 3 groups belonging to the iPr residues only two representatives are labelled.
[(PYR) 2 Fe 4 (μ-O)(μ-H) 2 ] (3).

1 H NMR Spectroscopic Data
Fig. S3
1 H NMR spectrum of [(PYR)Fe 2 (μ-HCOO)(μ-OH)] (6) measured for C 6 D 6 solutions (*). In case of the CH 3 groups belonging to the iPr residues only two representatives are labelled. (2) at 80 K. The simulation shows one doublet for 2 with an isomeric shift of δ = 0.68 mms −1 and a quadrupole splitting of ΔE Q = 1.13 mms −1 (representing 70% of the total iron) and a second doublet for another species with an isomeric shift of δ = 0.83 mms −1 and a quadrupole splitting of ΔE Q = 2.11 mms −1 (30% of the total iron).
Mößbauer Data
Fig. S6
Mößbauer spectrum of solid [(PYR)Fe 2 (μ-H) 2 ] (2) at 80 K. The simulation shows one doublet for 2 with an isomeric shift of δ = 0.68 mms −1 and a quadrupole splitting of ΔE Q = 1.13 mms −1 (representing 56% of the total iron) and one second doublet for another species (44% of the total iron) with an isomeric shift of δ = 0.87 mms −1 and a quadrupole splitting of ΔE Q = 2.02 mms −1 . Compound 3 crystallizes in a monoclinic space group (C 2 /c) with four molecules in the asymmetric unit cell. One half of each molecule is generated by symmetry operation (C 2 ). All iron centers in 3 are surrounded by their ligands in a tetrahedral geometry. Fe2 is coordinated by three nitrogen atoms, two of the β-diketiminate binding pocket (N4' and N5') and one of the pyridine ring (N3). Additionally, Fe2 is bridged by one hydride ligand to Fe1. Fe1 is further coordinated by the two nitrogen atoms of one β-diketiminate binding pocket (N1 and N2) and by one bridging oxo ligand. The hydride ligands could be located from the electron density difference map. The Fe-H distances (1.75 (5) Å; ΔE 0 is in units of eV; R represents the goodness of the fit (GOF) and is defined (value from ifeffit package); reduced chi-square is a second GOF-
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factor defined by and . Fourier transform range: 2 -12 Å -1
. The fit was optimzied in R space with a k-weight of 3.
The fitting range is 1.0-2.5 and 1.0-5.0 for fits 1-3 and 4-8, respectively.
Density Functional Calculations
Geometry optimizations were performed in redundant internal coordinates without symmetry restrictions for different spin states of [PYR)Fe 2 (μ-H) 2 ] (2) using the Gaussian09 program package. [5] The molecular structure of [(PYR)Fe 2 (μ-Br) 2 ] (1) as determined by X-ray diffraction analysis, with the bromide ligand substituted by hydrido ligands, was used as starting geometry. The B3LYP functional [6] was employed together with def2 basis sets, taken from the EMSL Basis Set Exchange Database [7] : the def2-TZVPD basis set [8] was used for Fe, N, and the two bridging hyride ligands H1 and H2. For all remaining C and H atoms, the def2-SVP basis set [9] was employed. Very tight convergence criteria were chosen for the SCF procedure and a pruned (99,590) "ultrafine" integration grid was used for numerical integrations. Visualisation of molecular structures was accomplished with the program Gauss View (Gaussian, Inc. 
